Purpose: Growing evidence supports engagement in physical exercise throughout life for optimal bone health. However, promotion of physical exercise among premenopausal women presents significant challenges, which are yet to be addressed in the design of many bone-health exercise regimes. As a deviation from traditional, facility-based, supervised, long-duration and intense exercise regimes, the efficacy of short-duration, practical, lifestyle physical exercises for improving bone health and quality of life was examined. Methods: Premenopausal women (N = 96, mean age 22.25 ± 3.5 years; mean BMI 23.43 ± 3.5 kg/ m 2 ) participated in a 6-month randomised trial of lifestyle physical exercises for the intervention group and sham exercises for the control group. The participants' scores on the outcome measure SF-36 was accessed pre-and post-intervention and compared with general population norms according to the SF-36 scoring manual. Paired t-tests were used to examine changes within trial arms from baseline to post-intervention, while analysis of covariance was performed to examine the effect of the lifestyle exercise programme on quality of life of premenopausal women. Results: Compared to 51% at baseline, 63% of the participants were either at or above the general population norm for general health, and the percentage of participants who were below the population health norm for mental health was reduced from 46% at baseline to 38% post-exercise intervention.
Introduction
As a patient-oriented outcome measure, healthrelated quality of life (QOL) is increasingly pivotal to trials investigating the effectiveness of interventions (1) . Considering its physiological and psychosocial effects, epidemiological evidence and biological plausibility designate a positive relationship between physical exercise and QOL in clinical and nonclinical populations (2) . Similarly, bone-loading (i.e. osteogenic) exercises may not be restricted to bringing about systemic changes to bone alone, as such modes of physical exercise have been positively associated with QOL across groups of people with osteoporosis (3, 4) . Osteoporosis, formerly considered as a natural consequence of ageing, is now known to be largely preventable, but the global burden of osteoporosis, and the considerable morbidity, mortality and escalating health care costs associated with it, is still on the rise (5, 6) . In spite of the significant advances that have been made in the field of bone health and exercise research, pragmatic reduction of its incidence and the burden of prevalence are still subject to evolving research. The reason for the high incidence and prevalence of osteoporosis may be due partly to the current definitions and execution of primary preventative strategies (7) . One easily noticeable result of such systemic failure is the low level of advocacy and actual engagement in physical exercise across the lifespan (8, 9) .
Furthermore, the current widespread use of a strict laboratory-based approach to examining the effects of exercise on bone health might negatively impact the process of designing truly effective exercise programmes for enhancing bone health. Findings from such laboratory-or exercise facilitybased investigations may be difficult to translate into real-world settings where continuous or lifetime commitments to engagement in osteogenic exercises do not exist in a vacuum. In reality, commitments to engagement in exercises are influenced by many factors (such as work commitments, financial obligations and access to exercise facilities), which may not always favour long-term participation in rigorous regimes like those employed in many trials.
One other important issue affecting the translation of exercise and bone-health research into clinical osteogenic benefit may be the high level of exertion that is required to engage in currently recommended bone-health exercises, which are also longer in duration per session (5) . Particularly among the premenopausal age group, promotion of bonehealth-enhancing physical exercise presents with significant barriers (10) (11) (12) . For instance, women's perception of physical exercises as rigorous, timeconsuming and of moderate efficacy has been shown to negatively impact their intention to engage in and participate in exercise-related interventions for bone health (9, 10, (12) (13) (14) (15) .
Since strong evidence suggests that women may lose bone mineral density prior to menopause (16) (17) (18) (19) , public health considerations for improving bone health at this phase of life must be targeted if the prevalence and impact of skeletal system dysfunctions in women is to be reduced. The key to the challenge of getting women to exercise may subsequently lie in careful consideration of the psychosocial correlates of engagement in physical activity (such as age, access to exercise facilities, time constraints, and motivation and/or perceived barriers to physical exercise) while designing exercise-related interventions for bone health (14) .
To improve compliance and adherence, it is logical that exercise prescriptions for bone health should be easily adoptable, have osteogenic efficacy, and be suitable and sustainable for the population for which they are being specified. Bone health promotion behaviours of increased physical exercise uptake and adherence may be improved when the population perceives that bone health exercise prescriptions confer added value in terms of overall satisfaction with life (12) .
In a bid to investigate the effectiveness of a regime of non-facility-based osteogenic exercises for the primary prevention of osteoporosis among premenopausal women, this study examined the relative effect of bone health exercises on quality of life. It was hypothesised that alongside bone health augmentation, the QOL of premenopausal women could be enhanced with short, discrete bouts of osteogenic exercises which are easily adoptable into the lifestyle. Hence, we report on the potential of lifestyle physical exercises which were aimed at promoting bone health to also bring about changes in health-related QOL of premenopausal women.
Methods
The protocol regarding the recruitment, instruments and physical exercise intervention for this study follows earlier published and validated designs (20) (21) (22) (23) . Briefly, ethical approval for the study was obtained from the local research ethics committee (09/H1204/76) and the institutional ethics review board, and all participants gave written informed consent prior to participation. Volunteers were screened to exclude women who were younger than 18 years or older than 35 years, significantly obese as determined by baseline body mass index (BMI) > 35 kg/m 2 , those with current or recent history (previous 12 months) of medical or surgical problems likely to affect bone metabolism, and a family history of osteoporosis. Women were also excluded for pregnancy, recent childbirth, current or recent (previous 6 months) lactation and hysterectomy. A total of 96 premenopausal women (mean age 22.25 ± 3.5 (range 18-35) years; mean BMI 23.43 ± 3.5 (range 17.7-32.8) kg/m 2 ) who met the inclusion criteria were blindly randomised into exercise (48) and sham exercise (48) groups by random sequence generation. A flow chart of the study is presented in Figure 1 .
As a means of increasing compliance and adherence to the physical exercise regime during the trial and beyond the study's lifespan, specific psychosocial concepts for engagement in lifestyle physical exercises were taken into consideration. Such concepts include personal regulation of goaldirected health behaviour (self-control), selfconfidence (despite absence of facility-based supervision) and reinforcement. Also, the programme drew on Bandura's Social Cognitive Theory (SCT) for changing behaviour (21) . In relation to the identified constructs, strategies for uncompromising commitment to engage in the exercise irrespective of probable circumstances such as bad weather, time constraints, stress, and fatigue were discussed with each participant. Motivating factors and perceived adherence to lifestyle physical exercise for bone health were examined in relation to each participant's own personal circumstances. The participants were then given the opportunity to design personalised adherence strategies and goal-setting. According to the approach advocated by Dishman et al. (22) , precautions were taken to foster self-efficacy in both exercise and sham exercise groups.
Exercise intervention
Based on the evidence for the osteogenic effectiveness of short, discrete bouts of restinterspersed, high-impact exercise for mature bone (23) , this trial was designed to load the bone of premenopausal women with a few loading cycles of mechanical strain for optimum osteogenic response. In the exercise intervention group, participants performed two-legged maximum vertical jumps 10 times using an arm swing in countermovement jump style, barefooted on a relatively hard floor, three days per week for a period of 6 months. To ensure quality control, digitised video clips of the physical exercises were given to all participants (intervention group), who were encouraged to perform the physical exercises as demonstrated in the video. Similarly, leaflets describing bespoke (stretching) exercises with detailed instructions and diagrams were given to the sham exercise group participants. Stretching has not been reported to promote osteogenic activity (24); hence, the sham exercise group participants performed bouts of sham exercises three days per week for 6 months. Since participants were blinded to randomisation, engaging the sham exercise group in a regular physical exercise programme was designed to foster the perception of full participation in the study, as well as decreasing attrition in this trial arm. Participants were requested to maintain their usual diet and lifestyle throughout the study. All participants were free to choose where and when to do the exercises and were provided with individual training logs to record the amount of exercise completed as honestly as possible. Compliance and adherence to the exercise regime during the intervention were monitored via telephone calls, text messages and emails (at four-week intervals) to all participants. Participants were also free to contact the researcher in the event of any issues pre-, during and post-exercise intervention.
Health-related QOL
Health-related QOL was assessed at baseline and at 6 months post-intervention with the aid of the SF-36v2 Health Survey, a generic QOL instrument (25) , which has also been employed to assess the physical and mental components of health-related QOL following physical exercise interventions. The SF-36v2 Health Survey contains 36 items within eight domains that measure functional health and well-being from the respondent's perspective. Participants' scores on each scale were calculated according to the SF-36 scoring manual compared with population norms for each health domain (26) . The eight domains (i.e. physical functioning, role-physical, role-emotional, social functioning, bodily pain, mental health, vitality and general health perceptions) were categorised into QOL component scales: the physical component summary (PCS) and mental component summary (MCS). A third global score, SF-6D or Utility index (UT Index), scored from 0.0 (worst health state) to 1.0 (best health state), was also created.
Data analysis
Descriptive and exploratory data analyses were performed. Baseline characteristics were compared between exercise and sham exercise groups by independent t-tests. The intervention effect of physical exercise was estimated with an intentionto-treat (ITT) approach, whereby missing data were estimated with a last-observation-carried-forward approach (using the baseline data of those who dropped out). Paired-samples t-tests were conducted to examine the change in mean QOL scores of participants' pre-and post-intervention within each trial arm. Analyses of covariance (ANCOVA) determined whether the 6-month regime of brief rest-inserted bouts of osteogenic exercises would significantly enhance the QOL of premenopausal women. In the ANCOVA analyses, participants' change in QOL scores (PCS, MCS, UT Index) from pre-to post-intervention QOL scores were the outcome variables, the intervention group (exercise vs sham exercise) served as independent variables, while participants' baseline scores were entered into the model as covariates. All of the assumptions for ANCOVA were met. Confidence interval and the pvalue were set at 95% and < .05, respectively. Data were analysed using Windows SPSS version 21.0.
Results
Study participants were all of Caucasian ethnic origin. There was no significant difference among exercise intervention and sham exercise groups post-randomisation for measured parameters (i.e. age, BMI, QOL, bone health and dietary calcium intake) at baseline ( Table 1 ). All the participants ranged from being sedentary (i.e. engaged in no form of regular exercise in a typical week) to being moderately active (i.e. reported exercising regularly on not more than three days per week) for at least 6 months prior to the commencement of the study.
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Although there was a report of short-term illness (non-study-related) by three participants during the study, participants reported being in a general state of good health before and after participating in the study, and there was no incident of adverse events as a direct result of participation.
At the post-intervention evaluation, up to 68% of the participants registered their intention to continue with the physical exercise regime and used phrases such as:
'I do it with my flat mate and it helps!' (a sham exercise group participant) 'I think I am going to continue because I enjoyed it, doing the exercises sometimes helps me to feel relieved of stress' (an exercise intervention group participant)
For many of the participants, the freedom to adapt the exercise programme to personal schedules was a perceived advantage and motivating factor for continued engagement. The study retention was 81% (n = 78), as 18 missing cases of post-intervention data were lost to dropout and failure to turn up for post-intervention assessments. At the end of the trial, reported exercise compliance was 80% (~2.5 sessions per week) for both exercise and sham exercise groups (t(94) = -0.155, p = 0.878).
After 6 months of the lifestyle physical exercise programme, marginal improvement in physical and mental health states was achieved by study participants (both exercise and sham exercise groups). The mean changes in physical and mental health-related QOL scores relative to baseline values are presented in Table 2 . Of the 78 women who were assessed post-intervention, 63% of them were either at or above the general population norm for general health, compared to 51% of them when they were assessed at baseline prior to participation in the study. Similarly, the percentage of participants who were below the population health norm for mental health reduced from 46% at baseline to 38% postexercise intervention. Across all the eight domains of health-related QOL, exercise and sham exercise groups were similar (p > 0.05). Furthermore, in the analyses of exercise intervention effects by ANCOVA, there was no statistically significant effect of engagement in the exercise intervention on the MCS (F(1, 93) = 0.790, p = 0.376, η 2 = 0.008), PCS (F(1, 93) = 0.33, p = 0.565, η 2 = 0.004), and UT Index (F(1, 93) = 0.539, p = 0.465, η 2 = 0.006) of the premenopausal women. The pre-intervention QOL measures (MCS, PCS and UT Index) were not significantly related to the change scores postintervention. Hence, after controlling for baseline MCS, PCS and UT Index scores, the improvements in QOL due to participation in lifestyle physical exercise were comparable for both exercise and sham exercise groups.
Discussion

Lifestyle physical exercise and health-related QOL
The results of this study show that short discrete bouts of lifestyle physical exercise are easily adoptable and may enhance QOL of premenopausal women. The apparent increase in health-related QOL of the premenopausal women who participated in this study corroborates long-established perceived health benefits of physical exercise (27) .
The study participants were blinded to the assignment of exercise intervention, and the sham exercises were designed to mimic the osteogenic exercises that were prescribed for the exercise intervention group in terms of duration, in-built short discrete bouts and frequency of engagement, such that the physical exercise for the intervention and placebo control arms of the trial varied only in type. However, the 6-month regime of lifestyle physical exercise led to some (though small) improvement in mental and physical health-related QOL of participants in both exercise intervention and sham exercise groups. The improvement in QOL of the sham exercise group, who had been given bespoke sham exercises to do during the 6-month period, may be attributed to a placebo effect, since such types of sham exercises have not been known to promote osteogenic activity (24) . The perceived boost in health status may have been one of the enduring factors for compliance and adherence to the bone health programme in both groups. This finding bears important implications regarding the feasibility of preventative and/or targeted health promotion programmes in the future, because people are more likely to comply with programmes for which they perceive additional health benefits. Conversely, the lack of appreciable increase in QOL status of participants in this study may have been accounted for by the absence of group effects and contact with physical activity and health experts on a frequent basis during the regime, as the programme was non-facility-based and nonsupervised. Group and supervisory effects are conspicuous elements of previous health promotion programmes that have positively affected QOL status (3, 4) . The sustainability of previous facility-based, expert-supervised programmes and their beneficial effects beyond the study lifespan may, however, be questioned, once the group and supervisory effects are reduced or removed upon trial termination.
During the informal evaluation of the trial, participants (both exercise and sham exercise groups) highlighted the allocation of specific times during the day, the association of physical exercise sessions to daily routines (such as before tea, after brushing teeth, or during work breaks), and the incorporation of friends and family into exercising with them, as some of the strategies which reinforced engagement with the programme. While the self-set reminders and routines associated with performance of the lifestyle physical exercise enhanced compliance to the exercise programme, the social support accrued from asking friends and relatives to join in the exercise improved the pleasure derived from it, their adherence to it, and their intention to continue with it after the trial.
The SCT has been used successfully in other physical activity interventions targeted at teenage (22, 28) , but there has been no (published) use of this theory for bone-health physical exercise interventions among premenopausal women. Hence, in comparisons of efficacy with previous nonfacility-based and non-supervised physical exercise interventions for bone health, the use of the SCT might have strengthened the position of the current study. As in the study by Murphy et al. (28) , excellent compliance rates, a high level of positive affect towards the lifestyle physical exercise by both exercise and sham exercise groups, and the positive indication to adopt the exercise beyond the study lifespan are some of the strengths of the present investigation. These indicate that, regardless of potential barriers, premenopausal women are capable of managing their own physical exercise regime when they have been facilitated to develop the relevant lifestyle skills, and do not necessarily need to attend supervised or facility-based programmes before they can engage in physical exercises for health promotion.
Current physical inactivity levels among women are high (29) , and the persistence of such scenarios implies a 'time bomb' in the health care and economic system of many nations. For instance, an epidemiological surveillance system in the UK (Health Survey for England; HSE) documented that 29% of women, compared to 39% of men, over 16 years engaged in the minimum recommended levels of 30 minutes of moderate physical activity on at least 5 days a week (29, 30) . Considering, however, inflation in self-reported constructs of this nature (31) , the true levels of engagement in physical activity are likely to be much less than that reported in the HSE. This notion is corroborated by the findings that only 4% of women between the ages of 16 and 34 years reached the recommended physical activity level when objective measures of physical activity were employed in the HSE study. It appears that the impetus from the wealth of evidence dating back to Hippocrates over 2000 years ago (32) , widening participation (33) , and gender equality initiatives (34) to encourage increased physical activity and exercise engagement is yet to be substantiated in premenopausal female participation in recommended physical activity levels. The reasons (e.g. finances, educational attainment, societal factors) for this health disparity are interrelated (e.g. men with high educational attainment will likely have a higher socioeconomic status, and are more likely to have more time to visit gym facilities compared to female counterparts) and do not appear to have given way to many changes over the years (35, 36) . In the interim, a relatively low-burden, accessible exercise intervention as identified in this study may be promoted among premenopausal women.
In practice, getting people who are most likely to benefit from exercise-induced augmentation of bone health may present a greater challenge to public health prevention of osteoporosis than the clarification of an optimal exercise prescription. The high level of acceptability of the lifestyle physical exercise in this research, as reflected in the compliance and adherence data, as well as the feedback given by participants, is an indication of its likelihood to succeed as a public bone-health promotion strategy. The design of exercise sessions, which were described by participants as easily adaptable, aimed to circumvent common barriers to engagement in lifestyle physical activity among premenopausal women. Hence, the study lends support to the shift in focus away from a medical research model towards translatable interventions with external validity for population-level augmentation of bone health.
Implications for practice
Apparently, considerable volumes of regular and high-intensity physical exercise are perceived as barriers and have, unfortunately, been unappealing to many premenopausal women [15] . It may be that a favourable shift in patterns of physical exercise participation among premenopausal women could be stimulated by proof of efficacy of other healthrelated benefits of non-rigorous bone loading exercise programmes. Thus, a practical lifestyle approach to physical exercise for optimisation of bone health in premenopausal women may offer a much-needed public health strategy to reduce overall prevalence of osteoporosis (38) . The design of such exercise interventions should also motivate the recipients as well as instituting a paradigm shift from laborious physical activities to pleasurable exercises that also offer maximal osteogenic gains. Therefore, it is important (as in the current study) that studies exploring the efficacy of physical exercise interventions consider both clinical and health-related QOL outcomes. 
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Limitations
The conduct of a lifestyle physical exercise study with a longer period of follow-up may give more credence to the findings of the trial. It is important to note that unforeseen life events, for instance, good news, sickness, or crisis in the family that some participants could have experienced, may affect self-reported QOL among participants. The reliance on self-reported adherence to physical exercise (which is inevitable for a non-facilitybased regime) is a recognised limitation in this study. However, it is envisaged that the effect of this limitation may not invalidate the findings, as participants were requested at the initiation of the study and during follow-up telephone conversations/emails to complete the exercise logs in honesty. The use of an ITT analysis in this study lends support to addressing dropouts and missing data, as analyses on only adherent participants are likely to lead to inflated estimates of exercise intervention effects. The more realistic estimates of exercise intervention effects (derived from ITT analyses) simulate conditions similar to what might likely be recommended in practice for lifestyle physical exercises. This may be of particular relevance for policymakers.
Conclusion
The relationship between osteogenic lifestyle physical exercises and QOL has not been adequately explored in the general population among premenopausal women without an existing diagnosis of osteoporosis. Hence, the current study serves to fill an important gap in the knowledge base. The results of this study show that bone health optimising exercises, when implemented as easily adoptable lifestyle physical activity, may enhance QOL of premenopausal women. The results have important public health implications: a practical lifestyle approach to physical exercise for optimisation of bone health among premenopausal women may offer a much-needed public health strategy to preventing osteoporosis. The boost, or at least sustenance, of health-related QOL may be one of the most important motivators for people to engage in lifestyle physical exercise, thereby improving bone health as well as their perception of own general health status.
